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Photomask, In Particular Alternating Phase Shift Mask, With 
Compensation Structure 

[0001] This application claims priority from pending German Patent 
Application No. 102 45 159.1 filed on September 27, 2002. 

Field of the Invention 

[0002J The invention relates to a mask, in particular a photomask, for 
the production of semiconductor devices, and to a method for the production 
of masks, in particular for the production of alternating phase shift masks or 
for the production of chromeless phase shift masks or phase shift masks 
structured by quartz etching, respectively. 

[0003] For producing semiconductor devices, in particular silicon 
semiconductor devices, so-called photolithographic methods may, for instance, 
be used. 

[0004] With these methods, first of all the surface of a corresponding 
wafer - consisting of monocrystalline silicon - is subject to an oxidation 
process, and subsequently a light-sensitive photoresist layer is applied to the 
oxide layer. 

[0005] Subsequently - by interconnecting an appropriate optical 
device - a photomask is placed above the wafer, the structure of which 
corresponds to the structure to be provided on the wafer. 

[0006] Then, the photomask - and thus also the corresponding struc- 
ture on the photoresist - is exposed, and then the photomask is removed 
again. 
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[0007] When the photoresist is then developed and subject to an 
etching process, the exposed positions of the photoresist (and the respective 
positions of the oxide layer thereunder) are removed from the wafer - and the 
non-exposed ones are left. 

[0008] Through the exposed windows, the monocrystalline silicon can 
now specifically be supplied with impurities, e.g. by corresponding diffusion or 
ion implantation processes; n-conductive regions may, for instance, be 
produced by the introduction of pentavalent atoms, e.g. phosphorus, and p- 
conductive regions may be produced by the introduction of trivalent atoms, 
e.g. boron. 

[00091 The structures that can be put into practice by means of 
conventional photolithographic methods may range within the wavelengths of 
the light used for exposure. 

[000101 In order to produce even smaller structures, so-called 
alternating phase shift masks may, for instance, be used instead of 
conventional photomasks, or e.g. so-called chromeless or (other) phase shift 
masks structured by quartz etching, respectively. 

[00011] Alternating phase shift masks comprise e.g. a quartz layer and 
a layer of chrome positioned on top of the quartz layer. 

[00012] For producing an alternating phase shift mask, the chrome 
layer (positioned on top) is first of all provided - by means of an etching 
process, in particular a plasma etching process - with a structure that 
corresponds to the structure which is to be provided on the wafer (i.e. the 
chrome layer is completely removed at the corresponding positions). 
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[00013] Subsequently (by means of a further etching process, in par- 
ticular a plasma etching process), only at every second of the structure lines 
produced, the quartz layer is additionally removed to a predetermined depth 
(so that the quartz layer structure produced thereby is - alternatingly - more 
or less deep). 

[00014] If such a mask is used as photomask during the exposure of a 
silicon wafer, it is possible to achieve that light waves passing through 
adjacent structure lines - and thus through correspondingly more or less deep 
quartz layers - are phase-twisted by 180° vis-a-vis each other, this making it 
possible that - due to interference effects between the light waves - 
correspondingly sharper-limited intensity maxima of the light waves on the 
silicon wafer can be produced than with the use of conventional photomasks. 

[00015] Therefore, relatively narrow or small structures can be put into 
practice on the silicon wafer by means of an alternating phase shift mask. 

[00016] It is, however, a prerequisite that - over the entire face of the 
alternating phase shift mask - i) the structure line breadth is, as exactly as 
possible, of constant size, and ii) the structure line depth is also, as exactly as 
possible, of constant size. 

[00017] In prior art, the chrome and the quartz layers are completely 
left at the edge regions of the alternating phase shift mask (since no devices 
have to be produced in the regions of the wafer positioned below the phase 
shift mask edge regions during the later exposure of the alternating phase 
shift mask, i.e. these regions need not be exposed). 

[00018] Consequently, with the production of the alternating phase 
shift mask, in particular with the above-mentioned etching processes or 
plasma etching processes, respectively, the respective process environment 
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for the regions positioned in the interior of the phase shift mask is different 
from that of the regions positioned close to the edge regions. 

[00019] These differences in the process environment may, for 
instance, lead to a systematic deviation of the quartz etching or structure line 
depths, respectively, produced by the above-mentioned etching processes or 
plasma etching processes, respectively. 

[00020] It is an object of the invention to provide a novel mask, in 
particular a photomask, for the production of semiconductor devices, and a 
novel method for the production of masks, in particular for the production of 
alternating phase shift masks, or of chromeless phase shift masks or phase 
shift masks structured by quartz etching, respectively. 

[00021] This and further objects are achieved by the subject matters of 
claims 1 and 18. 

[00022] Advantageous further developments of the invention are indi- 
cated in the subclaims. 

[00023] In accordance with a basic idea of the invention, a mask, in 
particular a photomask, is provided for the production of semiconductor 
devices, comprising at least one product field area and a compensation 
structure positioned outside the product field area, wherein the compensation 
structure comprises at least one electroconductive region which is electrically 
connected with the product field area. 

[00024] It is of particular advantage when the electroconductive region 
extends - viewed from the product field area - path-shaped outwardly, 
namely in particular over the entire breadth of the compensation structure. 
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[00025] By the electrical connection of the product field area with an 
outward area of the mask, which is obtained thereby, electrostatic charging is 
minimized, and an increased steadiness of the process conditions during the 
performance of the etching processes or plasma etching processes, 
respectively, is achieved (this making it possible to increase the 
manufacturing accuracy). 

[00026] Preferably, the path (or the paths, respectively) of the 
electroconductive region have a breadth of between 1 urn and 50 [j.m, in 
particular of between 5 jam and 25 ^m, e.g. approx. 10 fim. 

[00027] By means of the above-mentioned compensation structure - 
and in particular also the additionally provided circuit path(s) - it is avoided 
that, with the above-mentioned etching processes, in particular plasma 
etching processes, the respective process environment is different for the 
regions in the interior of the product field area and for the regions positioned 
close to the edge regions of the product field area. 

[00028] Because of that, it is achieved that - over the entire face of the 
alternating phase shift mask (or of the product field area, respectively) the 
structure line width and the structure line depths each are relatively exactly of 
constant size. 

[00029] In the following, the invention will be explained in detail by 
means of an embodiment and the enclosed drawing. The drawing shows: 

Brief Description of the Drawings 

[00030] Figure 1 a schematic cross-sectional view of a portion of an 
alternating phase shift mask; 
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[00031] Figure 2 a schematic top view of the alternating phase shift 

mask; 

[00032] Figure 3 a schematic detail top view of a further portion of 
the alternating phase shift mask illustrated in Figures 1 and 2; 

[00033] Figure 4 a schematic detail top view of the portion of the 
alternating phase shift mask illustrated in Figure 3 f after the production of a 
chrome grid; 

[00034] Figure 5 a schematic detail top view of the portion of the 
alternating phase shift mask illustrated in Figures 3 and 4, after the additional 
production of alternating quartz depressions; 

[00035] Figure 6 a schematic cross-sectional view of a portion of a 
chromeless phase shift mask; and 

[00036] Figure 7 a schematic cross-sectional view of a portion of a 
CPL phase mask. 

Detailed Description of the Drawings 

[00037] Figure 1 illustrates a schematic cross-sectional view of a 
portion of an alternating phase shift mask 1 . 

[00038] The alternating phase shift mask 1 is composed of two layers, 
namely a bottom quartz layer 2 and a chrome layer 3 positioned on top of the 
quartz layer 2. 

[00039] During the manufacturing of the alternating phase shift mask 
1, the (top) chrome layer 3 is first of all provided with a structure that 
corresponds to the structure that has to be provided on the wafer later on, 
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wherein - by means of an etching process, in particular a plasma etching 
process - the chrome layer 3 is completely removed at the appropriate posi- 
tions (cf. e.g. the structure lines 4a, 4b, 4c, 4d, 4e, 4f illustrated in Figure 1 
and positioned between the chrome positions that have been left). 

[00040] Subsequently, the quartz layer 2 is, by means of a corre- 
sponding, further etching process, in particular plasma etching process, - 
additionally - etched away to a predetermined total depth ti, but only at every 
second of the structure lines 4a, 4b, 4c, 4d, 4e, 4f provided. 

[00041] At the structure lines 4a, 4b, 4c, 4d, 4e, 4f, the quartz layer 2 
thus alternatingly exhibits either a - relatively small - total depth to, or a - 
relatively large - total depth t|. 

[00042] As is further illustrated in Figure 1 , the structure lines 4a, 4b, 
4c, 4d, 4e, 4f each may have e.g. a width c of approx. 50 nm - 600 nm, or 
100 nm - 250 nm, respectively, wherein the width c may - depending on the 
optical device that is later on connected between a corresponding wafer and 
the phase shift mask - correspond to e.g. a fourth of the breadth, of circuit 
paths that have to be manufactured later on by means of the alternating 
phase shift mask on the wafer. 

[00043] If the alternating phase mask 1 is applied to the silicon wafer 
and then exposed, it is achieved that light waves passing through adjacent 
structure lines 4a, 4b, 4c, 4d, 4e, 4f - and thus through correspondingly more 
or less deep positions of the quartz layer 2 - are phase-twisted by 180° vis-a- 
vis each other, this making it possible that - due to interference effects 
between the light waves - correspondingly sharper-limited intensity maxima of 
the light waves on the silicon wafer can be produced than with the use of 
conventional photomasks. 
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[00044] Therefore, relatively narrow or small structures can be put into 
practice on the silicon wafer by means of the alternating phase shift mask 1 . 

[00045] A prerequisite is, however, that - over the entire face of the 
alternating phase shift mask 1 - the structure line width c and the structure 
line depths to or ti, respectively, each are, as exactly as possible, of constant 
size. 

[00046] In the present embodiment, this is - as will be explained more 
exactly in the following - achieved in that a specifically designed 
compensation structure 5 is provided at the edge regions of the alternating 
phase shift mask 1 , as is, for instance, schematically illustrated in Figure 2. 

[00047] Instead of the alternating phase shift mask 1 illustrated in 
Figure 1 , a chromeless phase shift mask V - illustrated in Figure 6 -, or a CPL 
(chromeless phase etch lithography) phase shift mask 1" - illustrated in 
Figure 7 - may, for instance, also be used, each comprising, like the 
alternating phase shift mask 1 illustrated in Figure 1 , a corresponding 
compensation structure 5 specifically designed in accordance with the 
explanation below. 

[00048] During the production of the chromeless phase shift mask 1' 
illustrated in Figure 6, first of all, corresponding to the alternating phase shift 
mask 1 illustrated in Figure 1 , a (top) chrome layer and a quartz layer 2* 
positioned thereunder is provided with a corresponding structure; then, how- 
ever, different from the alternating phase shift mask 1 , the chrome layer is 
completely removed (at the product field areas provided on the chromeless 
phase shift mask 1 '). 

[00049] Correspondingly, during the production of the CPL phase shift 
mask 1" illustrated in Figure 7, a (top) chrome layer and a quartz layer 2" 
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positioned thereunder is provided with a corresponding structure, and then the 
chrome layer is completely removed at the product field areas provided on the 
CPL phase shift mask 1". 

[00050] The structure lines provided on the CPL phase shift mask 1" 
and on the chromeless phase shift mask 1' may - corresponding to the 
alternating phase shift mask 1 - each have e.g. a width c of approx. 50 nm - 
600 nm, or 100 nm - 250 nm, respectively. 

[00051] The distances g between the structure lines are substantially 
smaller with the CPL phase shift mask 1" than with the chromeless phase 
shift mask V (the distances g may, for instance, only range between e.g. 
50 nm and 200 nm, in particular 80 nm and 130 nm). 

[00052] In accordance with Figure 2, the compensation structure 5 is 
substantially of frame-shaped design and is positioned at the outer edge 
regions of the alternating phase shift mask 1 (or of the chromeless phase shift 
mask 1 ' or the CPL phase shift mask 1 ", respectively). 

[00053] The compensation structure 5 encloses several product field 
areas 6a, 6b, 6c, 6d provided on the alternating phase shift mask 1 . 

[00054] The product field areas 6a, 6b, 6c, 6d - or the corresponding 
chrome and quartz layers 2, 3, respectively - are provided in a manner known 
per se - and in a way as illustrated e.g. in Figure 1 - with a structure or with 
structure lines 4a, 4b, 4c, 4d, respectively, such that corresponding devices 
are produced later on during the exposure of the alternating phase shift mask 
1 at the regions of the silicon wafer positioned under the product field areas 
6a, 6b, 6c, 6d. 
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[00055] Contrary to this, wafer regions at which no devices are to be 
produced are positioned - later - during the exposure of the alternating phase 
shift mask 1 under the compensation structure 5 positioned at the phase shift 
mask edge regions. 

[00056] Figure 3 illustrates a schematic detail view of a portion A of 
the alternating phase shift mask 1 . 

[00057] In accordance with Figure 3, the breadth b of the 
compensation structure 5 may range e.g. between 2 mm and 10 mm, in 
particular be e.g. 5 mm, and the distance a between the compensation 
structure 5 and the corresponding product field area 6a may range e.g. 
between 1 mm and 6 mm, in particular be e.g. 3 mm. 

[00058] As is illustrated in Figure 4, during the production of the 
compensation structure 5 - as will be explained in detail in the following - the 
top chrome layer 3 is first of all worked at the corresponding edge regions of 
the alternating phase shift mask 1 such that a chrome grid 7 is produced. 

[00059] To this end, a radiation-sensitive layer, in particular a 
corresponding resist, is - in a manner known per se - applied onto the 
alternating phase shift mask 1 , and this is then exposed at specific positions. 

[00060] As is illustrated in Figure 4, the exposure of the radiation- 
sensitive layer or of the resin, respectively, is performed at the regions 9a, 9b 
positioned between the paths 8a, 8b of the chrome grid 7 to be produced 
(here e.g. square, alternatively e.g. rectangular (exposure) regions 9a, 9b, 
provided with hatching in Figure 4); at the positions of the chrome grid paths 
8a, 8b to be produced, the alternating phase shift mask 1 remains unexposed. 
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[00061] The length e and/or the breadth f of the square (or 
rectangular, respectively) (exposure) regions 9a, 9b each may range e.g. 
between 50 |am and 400 |am, in particular e.g. between 100 jam and 300 urn, 
e.g. 190 (am. 

[00062] Subsequently, by means of an etching process, in particular a 
plasma etching process, the radiation-sensitive layer or the resin, 
respectively, and the chrome layer 3 thereunder are, at the corresponding, 
square exposure regions 9a, 9b, etched away completely, i.e. to the quartz 
layer 2 positioned thereunder - the unexposed positions of the alternating 
phase shift mask 1 , i.e. the paths 8a, 8b of the chrome grid 7, are left. 

[00063] With the above-mentioned method steps, the chrome layer 3 
is - simultaneously - provided, in a manner known per se and in a way as 
described above in connection with Figure 1, with a corresponding structure 
(serving to produce corresponding devices) at the corresponding positions of 
the product field areas 6a, 6b, 6c, 6d (by the resin being exposed 
correspondingly and - by means of the above-mentioned etching process, in 
particular plasma etching process - the chrome layer 3 being completely 
removed at the corresponding positions). 

[00064] Contrary to this, the resin is not exposed at the intermediate 
area 10 positioned between the area of the compensation structure 5 and the 
product field areas 6a, 6b, 6c, 6d, i.e. is left during the above-mentioned 
etching process, in particular plasma etching process. 

[00065] By means of the paths 8a, 8b of the chrome grid 7, a 
conductive outward connection of the product field areas 6a, 6b, 6c, 6d, in 
particular with the phase shift mask edge regions, is provided (by 
interconnection of the intermediate area 10); it is in particular avoided that the 
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product field areas 6a, 6b, 6c, 6d are electrically insulated outwardly by the 
compensation structure 5. 

[00066] To this end, a - correspondingly high - number of chrome 
paths 8a, 8b extending outwardly from the product field areas 6a, 6b, 6c, 6d 
or the intermediate area 10, respectively, is provided (e.g. - with respect to 
Figure 2 - more than 10, in particular more than 100, 1,000 or 10,000 chrome 
paths 8a, 8b extend from each the upper, lower, right, and left partial portions 
10a, 10b, 10c, 10d of the intermediate area 10 outwardly towards the top, the 
bottom, the right side, and the left side). 

[00067] The paths 8a, 8b of the chrome grid 7 may, for instance, each 
have a - constant - breadth d of approx. 1 jam - 50 ^m, in particular 5 \xm - 
25 ^im, e.g. 10 jam (i.e. the breadth d of the chrome grid paths 8a, 8b provided 
at the area of the compensation structure 5 may be substantially larger than 
the width c of the structures or structure lines 4a, 4b, 4c, 4d, 4e, 4f, 
respectively, provided at the product field areas 6a, 6b, 6c, 6d). 

[00068] After - in the manner described above - the alternating phase 
shift mask 1 has been provided with the above-mentioned chrome grid 7 in 
the compensation structure area 5, the quartz layer 2 is worked, as is 
illustrated in Figure 5 and will be explained in detail in the following. 

[00069] In a manner known per se, a radiation-sensitive layer, in 
particular an appropriate resin, is again applied onto the alternating phase 
shift mask 1 , and this is then exposed at specific positions. 

[00070] As is illustrated in Figure 5, the exposure of the radiation- 
sensitive layer or of the resin, respectively, is only performed at particular 
ones of the square (exposure) regions 9b positioned between the paths 8a, 
8b of the chrome grid 7 (provided with hatching in Figure 5); the remaining 
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square regions 9a positioned between the paths 8a ( 8b of the chrome grid 7 
and the chrome grid paths 8a, 8b are not exposed. 

[00071] In particular, in a row 11 formed by several square regions 9b 
positioned side by side, only every second square region 9b is exposed, or, 
respectively, in every second column 12b formed by several square regions 
9b positioned one below the other, all square regions 9b contained in the 
respective column 12b are exposed (in the remaining columns 12a, none of 
the square regions 9a contained in the respective column 12a is exposed). 

[00072] Subsequently - by means of an etching process, in particular 
a plasma etching process - the radiation-sensitive layer or the resist, 
respectively, and the quartz layer 2 positioned thereunder are, at the exposed 
square regions 9b, etched away to the above-mentioned, desired total depth 
t| (i.e. correspondingly as deep as at the corresponding positions in the 
product field areas 6a, 6b, 6c, 6d (cf. below)) - the unexposed positions of the 
alternating phase shift mask 1, i.e. the paths 8a, 8b of the chrome grid 7, and 
the unexposed square regions 9a are left. 

[00073] With the above-mentioned method steps, the quartz layer 2 is 
- simultaneously - in a manner known per se and in a way as described 
above in connection with Figure 1 , etched away at the corresponding 
positions of the product field areas 6a, 6b, 6c, 6d, i.e. at every second of the 
structure lines 4a, 4b, 4c, 4d, 4e, 4f provided, - correspondingly as deep as in 
the compensation structure area - to the above-mentioned predetermined 
total depth ti (by the resin being exposed correspondingly and the above- 
mentioned etching process, in particular plasma etching process, being 
performed subsequently). 

[00074] Contrary to this, the resin is not exposed at the intermediate 
area 10 positioned between the area of the compensation structure 5 and the 
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product field areas 6a, 6b, 6c, 6d, i.e. is left during the above-mentioned 
etching process, in particular plasma etching process. 

[00075] Since the paths 8a, 8b of the chrome grid 7 are - as already 
mentioned above - not etched away, either, the conductive outward 
connection of the product field areas 6a, 6b, 6c, 6d, in particular with the 
phase shift mask edge regions, provided by these paths (by interconnection of 
the intermediate area 10) survives. 

[00076] By means of the - frame-shaped - compensation structure 5, 
loading effects occurring with the above-mentioned etching processes, in 
particular plasma etching processes, can be reduced. 

[00077] It is in particular prevented by the compensation structure 5 - 
and in particular also by the chrome grid 7 additionally provided there - that, 
with the above-mentioned etching processes, in particular plasma etching 
processes, the respective process environment for the areas positioned in the 
interior of the respective product field areas 6a, 6b, 6c, 6d differs from that of 
the areas positioned close to the edge regions of the product field areas 6a, 
6b, 6c, 6d. 

[00078] Because of that, it is achieved that - over the entire face of the 
alternating phase shift mask 1 or of the product field areas 6a, 6b, 6c, 6d, 
respectively - the structure line width c and the structure line depths to or t|, 
respectively, each are, as exactly as possible, of constant size. 

[00079] By means of the electrical connection - achieved by the 
chrome grid 7 - of the product field areas 6a, 6b, 6c, 6d with an area 13 of the 
phase shift mask 1 (said area being positioned at the very outside, around the 
chrome grid 7), electrostatic charging is minimized, and a further increased 
steadiness of the process conditions during the performance of the etching 
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processes, in particular plasma etching processes, is achieved (this making it 
possible to further increase the manufacturing accuracy). 

[00080] By the appropriate choice of e.g. the number of and/or the 
breadth d of the paths 8a, 8b of the chrome grid 7, and/or the number and/or 
size of the square or rectangular (exposure) regions 9a, 9b, and/or the 
breadth b of the compensation structure 5, and/or the distance a between the 
compensation structure 5 and the corresponding product field area 6a, etc. 
the above-mentioned method may be optimized appropriately, e.g. may be 
optimally adapted to the mask type to be worked. 
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